ABSTRACT: Targeting of agricultural conservation practices to cost-effective locations has long been of interest to watershed managers, yet its implementation cannot succeed without meaningful engagement of agricultural producers who are decision makers on the lands they farm. In this study, we engaged 14 west-central Indiana producers and landowners in an adaptive targeting experiment. Interviews carried out prior to targeting provided rich spatial information on existing conservation practices as well as producers' preferences for future conservation projects. We targeted six of the most accepted conservation practices using the Soil and Water Assessment Tool and spatial optimization using a genetic algorithm approach. Fairly optimal conservation scenarios were possible with even the most limiting constraints of farmer-accepted practices. We presented in follow-up interviews a total of 176 conservation practice recommendations on 103 farm fields to 10 farmers whose lands were targeted for conservation. Primary findings indicated producers were interested in the project, were open to hearing recommendations about their lands, and expressed a high likelihood of adopting 35% of targeted recommendations. Farmers generally viewed the interview process and presentation of results quite favorably, and the interviews were found to build trust and make the targeting process more acceptable to them.
INTRODUCTION
Watershed managers have long supported strategic placement of conservation practices in the landscape, also known as targeting (e.g., Duda and Johnson, 1985; Hession and Shanholtz, 1988; Crumpton, 2001; Veith et al., 2004; Heathwaite et al., 2005; Diebel et al., 2008 Diebel et al., , 2009 Tuppad et al., 2010) . In the United States (U.S.), a variety of policy incentives encourage agricultural producers to implement conservation practices (Harrington et al., 1985) , but these incentives alone may not produce economically efficient solutions since they are not based on the true magnitude of pollutant reduction (Helfand and House, 1995) . Generally, incentives are available to all on a "first come, first serve" basis, and enrollment is voluntary even though this is not considered the most effective way to reduce pollution. Nonpoint source pollution often originates in hotspots or critical 1 source areas on a small portion of the landscape, which can be targeted for maximum efficiency (Carpenter et al., 1998; Pionke et al., 2000; Qiu et al., 2007; White et al., 2009; Kovacs et al., 2012) . Not only are certain locations more vulnerable to nonpoint source pollution but individual conservation practices may be more or less suitable in those locations within a given watershed (Tomer et al., 2013) . Targeting the most effective conservation practices to locations with the greatest potential for water quality improvement can decrease the cost of implementation to meet a particular water quality goal (e.g., Veith et al., 2004) . The approach that we used in this study involves spatial optimization of conservation practice placement to minimize both cost and water pollution (e.g., Gitau and Veith, 2006; Maringanti et al., 2011; Kalcic et al., 2015b) .
Theoretically, targeted conservation practices should increase effectiveness of a conservation program. To achieve this effectiveness under current voluntary conservation programs, however, land managers would need to actually adopt these practices on their lands. Managers of high priority lands may choose to reject targeted recommendations for many reasons, such as a perception that the practice is not applicable on the lands they farm, or a distrust of the results (Kalcic et al., 2014) . Even when these managers agree to implement conservation projects, they may fail to properly use and maintain them over time (Jackson-Smith et al., 2010; Grady et al., 2013 ). An adaptive, iterative targeting approach that involves land managers can minimize these barriers to cooperation and produce greater cost effectiveness than a program that does not consider stakeholder input (Kalcic et al., 2014) .
Adaptive watershed management not only involves iterative testing and learning about the natural environment but it also requires stakeholder engagement to understand the surrounding culture and enhance social learning as well (Allan et al., 2008) . Ahnstrom et al. (2008) conclude their review on farmers and conservation by recommending that conservation programs be flexible, seeking to fulfill the aims of the program creatively, and allowing for local adaptations. Reimer et al. (2012a) suggest that successful targeting of conservation requires outreach to landholders managing the most vulnerable lands, and they caution that a one-size-fits-all approach will not succeed. Kaplowitz and Lupi (2012) demonstrated that landowner preferences for conservation should be taken into account in watershed planning. Furthermore, Piemonti et al. (2013) highlighted the importance of considering stakeholders and incorporating sociological data into spatial optimization of conservation practices, concluding there is a need for more efforts in this direction.
Stakeholder participation in decision making is commonly viewed positively for normative reasons such as increasing democracy or fairness, as well as for practical reasons such as contributing to wiser and more efficient solutions to complex natural resource management issues (Tuler and Webler, 1999; Lauber and Knuth, 2000; Beierle, 2002; Dietz and Stern, 2008) . Although some have argued that mandatory controls are needed for agricultural pollution (e.g., Epp and Shortle, 1985) , most conservation in the U.S. still relies on voluntary enrollment. Since nonpoint source pollution control is primarily in the hands of the producers and not an external regulator, it is important that any plan for conservation be flexible, tailoring the approach to producers (Carpentier et al., 1998) . Building good relationships and trust between producers and conservation programs is more likely to lead to adoption and corresponding reductions in nonpoint source pollution. These targeting programs should take into account producers' needs and desires so that they have the highest chance of adoption in agricultural landscapes.
Engineering targeting solutions guided by the human dimensions of watershed management can make the approach practical and relevant to individual land managers. The overall goal of our study was to demonstrate an adaptive targeting approach using spatial optimization of agricultural conservation practices in two watersheds. We developed an adaptive optimization framework that engages farmers and landowners in the process of optimizing the spatial locations of conservation practices at the watershed scale. While the adaptive approach is not entirely new to the field of watershed management, its implementation with real stakeholders in a spatial optimization context has not previously been undertaken. The intention of this work was to make the optimization acceptable to farmers and thereby encourage adoption of targeted conservation in the watershed.
This optimization framework is adaptive in a number of aspects. First, it considers the scale at which land managers make decisions. Many researchers have identified and found creative solutions to a disconnect in scaling between watershed models and farm fields (Gitau et al., 2004; Veith et al., 2005 Veith et al., , 2008 Ghebremichael et al., 2008 Ghebremichael et al., , 2010 Ghebremichael et al., , 2013 Daggupati et al., 2011; Pai et al., 2012) . Similarly, in this adaptive optimization we define the watershed model's smallest spatial units by farm field boundaries (Kalcic et al., 2015a) . This optimization also incorporates farmer feedback on current conservation and management practices in their lands. In addition, it seeks to deliver only field-scale targeted recommendations that each farmer previously identified as acceptable. Finally, it solicits farmer feedback on the approach to permit ongoing adaptation.
MATERIALS AND METHODS

Adaptive Targeting Approach
We developed an approach we refer to as "adaptive targeting" that includes a multidisciplinary process of engaging farmers and running a model to develop targeted conservation recommendations, which are hypothetically the best, producer-accepted practices for critical source areas. We describe the process briefly here and in greater detail in the following sections.
First, we engaged farmers and landowners through initial interviews about existing conservation practices on their farms as well as their interest in future conservation efforts. Farmer interviews provided detailed farm and farmer-specific information about as many farm fields in the study areas as possible. We selected 11 conservation practices to include in interviews based on their prevalence in the watersheds and likelihood of improving water quality. From these 11, 6 practices were most palatable to farmers and have previously been represented in the watershed model (Arabi et al., 2008; Waidler et al., 2009; Kalcic et al., 2015b) , and we used these in the targeting experiment.
Second, we used a coupled watershed model and spatial optimization approach to determine targeted conservation recommendations. The watershed model we employed was the Soil and Water Assessment Tool (SWAT) (Arnold et al., 1998) because it is capable of simulating agricultural watersheds, including conservation practices and management operations, and it is commonly used to predict the influence of land management on water quality and crop growth. For spatial optimization we used an evolutionary algorithm approach to determine optimal placement of conservation practices in the watersheds. We adapted and evaluated the optimization using varying degrees of farmer information on current conservation and future conservation preferences as constraints.
Finally, we conducted follow-up interviews with farmers to transfer targeted recommendations and determine their reactions and intentions to adopt these practices. These interviews enhanced our learning about how the adaptive process was successful and what could be improved.
Application to Two Study Watersheds
We applied the adaptive targeting approach for six years (2007) (2008) (2009) (2010) (2011) (2012) following a three-year warm-up period to the Little Pine Creek and Little Wea Creek watersheds in west central Indiana (Figure 1) , where three years (5/2009-5/2012) of daily streamflow and weekly nitrate, phosphorus, and sediment concentrations were available at watershed outlets (Haas et al., 2014a, b, c) . Relatively small watersheds at 56 and 45 km 2 in size, respectively, Little Pine and Little Wea have approximately 90% of land in corn and soybean crops, 70-80% of cropland drained by subsurface tiles, and fairly flat topography with an average slope of 1-2%. Farms owned by Purdue University cover 13% of the Little Pine watershed. Local conservation planners, such as those from the Natural Resources Conservation Service (NRCS) and the Soil and Water Conservation District, are active in the watershed, and a recent regional watershed management plan identified these two watersheds to target with conservation practices, and federal funds were obtained to do so (Wabash River Enhancement Corporation, 2011) .
Initial Farmer Interviews
We developed a farmer interview guide to investigate farm management and farmer preferences for future conservation. First, we asked farmers to identify farm fields they owned or rented within or near the study area. Then we asked farmers about their past use, current use, and future potential use of 11 conservation practices (Table 1) . Farmers identified existing conservation practices on the map, then placed each practice in one of four preference piles:
1. Yes: farmer is interested in implementing this practice in the future; 2. Maybe: farmer may be interested in using this practice; 3. No: farmer has no interest in using this practice; 4. Not applicable: farmer considers the practice not applicable to his/her lands.
Finally, we asked farmers about their views on the benefits of conservation and gauged their response to targeting as a theoretical concept as well as a practical approach. The interview guide was approved by Purdue University's Institutional Review Board.
We contacted farmers and landowners by mail and by phone based on publicly available parcel information for those owning at least 20 ha of land in the study watersheds. All farmers reached by phone accepted the interview. In addition, we asked two landowners who had previously farmed and were still involved in the farming operation on their lands to participate in the interview, and they accepted. A total of 14 farmers and landowners participated in interviews during winter of 2012, including 8 farmers in Little Pine, of which 2 worked with the Purdue research farms, and 4 farmers and 2 landowners who were retired from farming in Little Wea. Farmer interviews provided data on land covering 34% (1,900 ha) of Little Pine watershed and 32% (1,440 ha) of Little Wea. Most of this land was owned by farm operators, although a portion of it was rented (7% of interviewed lands in the Little Pine watershed and 17% in the Little Wea watershed). Farmers operating over the remaining lands in the study watersheds could not be determined, and we think they may be rented by farmers who do not own at least 20 ha of land in either watershed and thus were not contacted. Most farms produced primarily corn and soybean crops, though some farmers had small or large beef cattle or hog operations. All farmers were male, Caucasian, had farmed an average of 36 years, and were on average 62 years old, although some of the older interviewees were no longer actively involved in the farming operation. Farmer age, sex, and race corresponded well to those for the state of Indiana from the 2012 U.S. Census of Agriculture (USDA NASS, 2014), although the size of farming operations among those interviewed was generally in the top 7% of Indiana farms and the sample had a higher proportion of livestock operations as well.
Watershed Modeling
We used the SWAT (Arnold et al., 1998) for watershed modeling of the two study areas because of its ability to model land use and land management, including agricultural conservation practices, as well as implement "what if" scenarios (Arnold et al., 1998) . Within the study area watersheds, SWAT delineates subwatersheds using elevation data and, optionally, hydrography. Subwatersheds are further divided into hydrologic response groups (HRUs), which are lumped regions with similar soil type, land use, and slopes. SWAT version 622 was used for this work because of its updated subsurface tile drainage routine based on the Hooghoudt and Kirkham tile drain equations and its ability to simulate nitrate and dissolved phosphorus travel through tiles (Moriasi et al., 2013a, b) . This approach differed from usual SWAT practice in the definition of HRUs by a common land unit (CLU) layer, which divides land based on ownership and land use (Kalcic et al., 2015a) . It was important to show farmers the targeted recommendations for specific crop fields, rather than for HRUs that may be dispersed throughout the subwatersheds. HRU definition by CLU resulted in 418 HRUs and 320 cropped (corn and soybean) HRUs in Little Pine, and 396 HRUs and 311 cropped HRUs in Little Wea.
The SWAT models were not calibrated, as the models were generally able to predict daily flow (coefficients of determination above 0.6 and Nash-Sutcliffe efficiencies above 0.5) and average daily nutrient and sediment loading at the watershed outlets fairly well, and annual crop yields were within a reasonable range. This approach was similar to Chaubey et al. (2011) in which authors argued that when input data collected represented actual watershed conditions and the default model outputs were reasonable, a detailed calibration of SWAT model was not necessary to evaluate effectiveness of conservation practices. We are unaware of studies that quantify what level of model agreement is necessary for assessing the relative effectiveness of conservation alternatives, so we used standard acceptability coefficients in evaluating model performance. A detailed summary of model setup and evaluation can be found in Kalcic et al. (2015b) .
Spatial Optimization of Conservation Practices
To identify optimal locations for conservation practices we employed a spatial optimization approach (Kalcic et al., 2015b ) using a genetic algorithm, the nondominated sorting genetic algorithm (NSGA-II) (Deb et al., 2002) . Genetic algorithms use evolutionary concepts of reproduction and selection to improve populations or solutions over time. A population consists of a number of individuals, and at each generation that population is changed through crossover, mutation, replication, or die-off. 
Conservation practice (NRCS number)
Description of practice, and how it was simulated in the SWAT model (or reason why it was not simulated). More details on practice simulation can be found in Kalcic (2013) 
None
Rotation with corn (chisel and disk plow) and soybeans (no-tillage planting) Using no tillage to manage crop residues on the soil surface. No-tillage planting of corn and soybeans and 2 point reduction in HRU curve number Cover crops (340) Planting crops for seasonal cover. Cereal rye was planted October 15, following harvest of corn and soybeans, and killed April 15 Filter strips (393) Vegetated strips intended to filter contaminants from surface runoff. The SWAT filter strip routine was used, sized at 2.5% HRU area, 50% of the HRU draining to the most concentrated 10%, and no fully channelized flow Grassed waterways (412) A shaped strip of grass intended to prevent gully erosion from overland flow. SWAT grassed waterway routine used with 10 m width and HRU 0.5 length Drainage water management
Varying the depth of tile drainage outlets throughout the year using a water control structure. Not simulated due to low farmer interest and lack of current ability to model in SWAT Nutrient management (590) Altering the amount and form of fertilizer applications to maintain high yields while minimizing the water quality impacts. Not simulated due to difficulty predicting current farmer nutrient management Waste utilization (633) Ensuring agricultural wastes (e.g., manure) are used in a way that protects the environment. Not simulated due to difficulty predicting existing practices Restoration and management of rare or declining habitats (643) Conserving biodiversity by providing habitat for rare and declining species. Considered "habitats" and assumed to be tall grass prairie for cost calculations and targeting recommendations. Modeled as filter strips Upland wildlife habitat management (645) Conserving biodiversity by managing upland habitats to create connectivity of landscapes.
Considered "habitats" and assumed to be tall grass prairie for cost calculations and targeting recommendations. Modeled as filter strips Two-stage ditches Designing drainage ditches after stable natural streams, with a channel and adjacent floodplains. Not modeled due to low farmer interest and lack of ability to model in SWAT Wetland creation (658) Creating a wetland to filter contaminants from agricultural runoff. Modeled as headwater wetlands using SWAT's wetland routine
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In this study, each individual represented one scenario of conservation practices spread throughout the cropland HRUs in a watershed. We used a generation of 50 scenarios, and in each generation half were crossed to generate new offspring, and all mutated at a low rate of 0.001 chance of gaining or removing a practice per HRU. We estimated fitness, or effectiveness, of every scenario in each generation by running the SWAT model for each scenario and processing HRU-level outputs. Those scenarios with greatest fitness passed on to the next generation, while the NSGA-II algorithm attempted to maintain a good spread of solutions across the optimization front. The optimization was entirely automated within MATLAB scripts (MATLAB; The MathWorks Inc., 2012). For the purpose of visualizing a smooth and complete Pareto optimal front, we selected a fairly evenly spaced set of 50 scenarios from all generations.
Conservation practices included in the optimization were no-tillage, cereal rye cover crop, filter strips, grassed waterways, created wetlands, and restored prairie wildlife habitats. We implemented each in the SWAT model, allowing every practice to be placed in any cropped HRU, with the potential for multiple practices in a given HRU. In SWAT, headwater wetlands are considered to be placed at the subwatershed-level rather than the HRU-level, and therefore wetlands were modeled at the subwatershed outlet. Possible wetland locations were located generally following a placement method based on contributing area (Kalcic et al., 2012) , totaling 22 wetlands in Little Pine and 25 wetlands in Little Wea. The wetland contributing area identified as part of the placement method was divided by the subwatershed area to determine a fraction of subwatershed draining to it.
Objectives: Simultaneously Minimize Water Pollution and Cost of Conservation
We quantified performance of individual conservation practice scenarios, which specifies those who pass on to the next generation, using two objective functions, which are detailed in Kalcic et al. (2015b) . The first objective was to minimize conservation costs, including yield changes due to taking land out of production or changes in crop management. Cost of materials, equipment, installation, and labor for the implementation of each conservation practice over one decade were estimated from the NRCS Field Office Technical Guide for the state of Indiana (USDA, NRCS, 2012), which is detailed in Kalcic et al. (2015b) . No-tillage and cover crops can either raise or lower crop yields, and we used the SWAT model to estimate such changes. Foregone yield (or yield increases) for the six-year simulation was estimated as the model's change in yield for each HRU by subtracting the baseline scenario in which no conservation exists in the watershed. The practices that occupied no spatial area in SWAT -filter strips, grassed waterways, wetlands, and habitats -were assumed to cause yield decreases in proportion to the calculated physical area and the average yield of that HRU. Cost of foregone yield (or profit for increased yields) was calculated from the five-year average grain costs from 2008-2012, which was $232/tonne for corn grain and $442/tonne for soybeans.
The second objective was to minimize the water quality impacts of farming, defined as a normalized average of total nitrogen, total phosphorus, and sediment reaching the watershed outlets. Each water quality indicator -total nitrogen (TN), total phosphorus (TP), and sediment (Sed) -was normalized by dividing the baseline simulation's pollutant load over the six-year simulation (2007) (2008) (2009) (2010) (2011) (2012) , and a Water Quality Index for the watershed was calculated as the equally weighted sum of these three indicator values. Water Quality Index value of 0 means reduction of water quality pollutants to 0, while Water Quality value of 1 means no reduction in pollutants compared to the baseline simulation.
Using Farmer Information to Develop Optimization Constraints
We ran four separate optimizations for each study area to determine the effect of current conservation and future preference constraints on targeting conservation practices:
1. No constraints: An unconstrained optimization determined the most efficient conservation practice scenarios for the watershed. 2. Current conservation: An optimization constrained to current conservation practices but not future preferences. 3. Future constraints (maybe): An optimization constrained to both current conservation and future conservation constraints, using somewhat limiting future preferences by including "yes" and "maybe" categories. 4. Future constraints (yes): The most limiting optimization including current conservation and most limiting future preferences by including only the "yes" category.
We developed constraints from existing conservation practices and future preferences provided in farmer interviews. We digitized existing conservation practices in ArcMAP (ESRI, 2010) , and HRUs containing or adjacent to these conservation practices were given these as current conservation constraints. We implemented the future constraint by tagging each field to the farmer, and only practices for which that farmer had answered "yes" or "maybe" for future preferences were permitted on those fields.
The same structure was used to implement both current and future conservation practices in the optimization code, such that any individual scenario of conservation for the watershed was forced to meet constraints. We applied constraints after scenarios underwent propagation to the next generation, so that mutation would not create scenarios violating those constraints, and any violations to the constraint were corrected through addition or subtraction of that practice. This is not a usual practice for applying constraints, and we could have instead created many more offspring and removed any that violated the constraints. Future conservation preferences for lands for which the farmers were not interviewed were randomly assigned the preferences of another farmer interviewed in that study watershed. This provided a more realistic estimate of conservation that could be obtained in the entire watershed.
Farmer Follow-Up Interviews and Stated Adoption Intention
We reconfigured the SWAT model and optimization after farmer interviews with improvements in fertilization assumptions and a more recent version of SWAT, so the targeted set for the watershed and the subset brought to farmers does not exactly match the updated spatial optimization results presented in this article. The following methods were implemented using the previous version of optimization results.
Determination of targeted conservation practice recommendations to bring to farmers in follow-up interviews was not as simple as choosing one individual scenario from the final generation in the spatial optimization. We considered all scenarios in the final generation to determine those practices that occurred most frequently in the final generation. This was done using a count of the number of times each conservation practice was seen in each HRU over the entire optimal front (defined at that time as the final generation in the simulation). For each HRU we selected zero, one, or two practices that occurred in at least 25% (for Little Wea) or 50% (for Little Pine) of the scenarios in the final generation. For example, to determine if there was a targeted recommendation for HRU 1, the frequency of no-tillage, cover crops, filter strips, grassed waterways, wetlands, and habitats in HRU 1 would be counted in the final generation. If any practices occurred in at least 50% of the final generation, we would select the most frequently occurring practice as a first choice recommendation, and if the second-most occurring practice was also above the 50% threshold it would be included as a second choice. We ran the SWAT model again with these final recommendations, and cost and water quality benefits were calculated for each HRU. In summarizing the recommendations brought to farmers, HRUs smaller than 10 ha were generally excluded to focus the discussion on more significant conservation projects.
Farmers who operated in those lands were then consulted in follow-up interviews during the spring of 2013. We contacted by phone the 11 farmers who had targeted recommendations, and 10 were available for the interview. The one remaining farmer responded to the contact and intended to schedule an interview, but was unable to find the time before the busy planting season. We created interview documents to clearly convey these recommendations to farmers. The interview began by reminding farmers about the study, the modeling process, the objectives of the optimization, and the conservation practices considered. Then farmers were presented with a table of targeted practice costs (in $) and removal of nutrients (in lb/ acre) and sediment (in ton/acre) provided by that practice, along with a map identifying which farm fields had targeted recommendations.
To gauge farmer interest in recommended practices, we asked farmers three questions for each practice:
1. Whether they considered that practice to be optimal for that field, based on their local knowledge of field conditions. Farmers were encouraged to think outside of their current management constraints to decide whether practices would be ideal for those locations. For instance, a farm operator could agree that a recommendation is optimal on rental land even though it is not currently feasible, given the views of the landowner. This is referred to as "stated optimality" throughout the article. 2. Whether they see themselves implementing that practice on that field in the next five years. Those practices for which farmers said yes, they plan to implement it within five years, are referred to as "adoption intention" throughout the article. 3. What reasons they had for these plans and opinions.
Finally, we asked farmers about their views on the adaptive targeting approach, how it felt to receive targeted recommendations on their lands, how the interviews may influence their land management decisions, and what suggestions they had for improving the approach.
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We adjusted targeted recommendations following interviews to remove those that farmers stated were already implemented or were not on cropland, and in a few cases, were too small to find on the map. Rates of adoption intention and stated optimality of targeted recommendations were calculated as a percentage of adjusted results. We categorized farmers' qualitative responses and compared them to studies of conservation practice acceptance.
RESULTS AND DISCUSSION
Current and Future Conservation Efforts
Current and past adoption of each conservation practice by interviewed farmers, as well as future adoption preference, is shown in Table 2 . The number of conservation practices present on a given farm varied from one practice to seven, with an average of 3.9 and standard deviation of 2.0. Every farm contained grassed waterways, though some likely needed reconstruction, as acknowledged during several interviews. No-tillage had been attempted by all but two farmers in the sample, and four of those farmers had abandoned it for various reasons, mostly related to soil compaction. Filter strips were present on all but three farms containing open waterways. Three of the eight farmers who had used cover crops in the past had abandoned it, and yet there was some willingness to try cover crops again, as reflected by the future adoption preferences. While grassed waterways and filter strips were common among the farmers, six farmers who had adopted grassed waterways did not prefer to implement more, and three farmers who had adopted filter strips believed they had enough of these already. Both innovative conservation practices -two-stage ditches and drainage water management -were not yet in use in the study area, and generally farmers had little to no familiarity with these practices. Farmers were shown one page of information about each practice in the initial interview, which briefly defined the practice, provided a visual aid, and detailed its primarily purpose as well as the conditions where it may apply. Farmers expressed some interest in trying out these practices, despite having little prior knowledge of them or their effectiveness. Aside from the innovative practices, only no-tillage and cover crops elicited interest from more farmers than the number currently implementing such practices. Wetlands were unique in their high level of "maybe" responses, perhaps revealing farmer ambivalence about incorporating these into their farms.
Current adoption of conservation practices in farmland managed by farmers we interviewed (Table 3) shows that grassed waterways dominate in both watersheds, filter strips are more common in Little Pine, and no-tillage more common in Little Wea. No fields operated by these farmers exceeded two existing practices per HRU in Little Pine or four in Little Wea. Note that some no-tillage and cover crops may have been under represented in Little Pine on Purdue farmland, due to the complexity of crop rotations and management discussed in interviews. Also, farmers may have neglected to mention some conservation practices, especially filter strips or habitats located adjacent to but not within farmland, as discovered in follow-up interviews. While farmers may have used many conservation practices on their farm, these practices were not dispersed uniformly across farmland. In both watersheds, nearly one-third of the farmland lacked any of the conservation practices we considered in this study.
Evaluating Method through Optimization Comparison
Optimizations based on four levels of current conservation and future preference constraints showed similar patterns for the two study watersheds (Figure 2) . The optimal curve constrained by current conservation shows the cost and benefit of existing practices -although these practices are already in place and funded by farmers or subsidies, their cost was included in this work to provide an estimate of how much all conservation in the watershed would cost, rather than merely new projects. Addition of current conservation practices shifted the optimal curves to a slightly higher cost, suggesting that current conservation is suboptimal on this scale of cost and Water Quality Index. If the Water Quality Index was formulated with different weighting of contaminants, for instance greater emphasis on sediment reductions, existing conservation may have appeared more optimal.
Future conservation preferences were much more limiting in the Little Pine watershed than in Little Wea, especially for the most limiting "yes" future preferences. Spread of the optimal front shows that if farmers only implement targeted recommendations they are most interested in, the watershed may only be capable of achieving a 30-50% reduction in water pollution. If no constraints are considered, water-FIGURE 2. Optimal Fronts Developed from 1,000 Generations for Little Pine (a, c) and Little Wea (b, d). Each line in (a) and (b) depicts an optimal front determined from a different level of constraint to farmer practices and preferences. The Future (maybe) optimization result is shown in (c) and (d) alongside the full set of scenarios for every generation. Select scenarios are highlighted for comparison against the targeted set, which appears suboptimal as it was determined in a previous modeling scheme. "Watershed" is set of targeted recommendations for the watershed, "Interview" consists of those targeted solutions brought back to farmers in follow-up interviews, "Optimal" are those practices the farmers considered to be optimal, and "Adopted" are those farmers intend to adopt, "Existing" are those practices found to exist in the watershed through interviews, and "None" shows the baseline condition of no conservation in the watershed.
sheds could achieve a 60% pollution reduction at a greater cost. Overall, it may be encouraging that the optimal fronts for nearly all levels of constraint lie within a similar range, suggesting the watershed can realistically achieve near-optimal conservation if farmers adopt targeted recommendations that already interest them. A main reason for the similarity of these fronts is that six practices were considered, which are capable of intercepting the same pollutants, and this redundancy permitted adaptation of targeted practices to meet each farmer's preferences. Even a farmer who is unwilling to use four or five of the six practices may be able to achieve nearoptimal simulated results with the remaining practice that holds his interest.
Farmer Intention to Adopt Targeted Conservation
A single set of targeted recommendations for each watershed was determined by the most frequently occurring practices in each HRU in the final generation of the optimization. The cutoff threshold for frequency of a practice in a given HRU was chosen to be 50% of the final generation in Little Pine, and 25% of the final generation in Little Wea, because these thresholds provided a reasonable number of recommendations to bring to farmers in followup interviews.
We brought a total of 202 targeted conservation practice recommendations on 125 farm fields to ten farmers in follow-up interviews (Table 4) . Twelve of these practices were removed, primarily due to many small parcels modeled as cropland that were not in fact cropland caused by errors in the NASS land use data. An additional 14 targeted recommendations had already been implemented in those lands, but their presence had not been conveyed in the initial interviews. At least one of these had been implemented in the time between the initial interview and the followup interview, and one farmer mentioned that it would have been desirable to have checked back with farmers immediately prior to optimization to obtain the latest information. Some other practices that had not been communicated in the initial interview the farmer referred to as degraded filter strips or grassed waterways, and perhaps they simply had not thought they were worth mentioning at the time. The remaining 176 adjusted targeted recommendations on 103 farm fields were used to assess farmer response to targeted conservation (Table 4) .
Most targeted conservation recommendations were filter strips or wildlife habitats, cover crops, and grassed waterways (Table 5 ). Only three instances of no-tillage were present in targeted recommendations brought to farmers, as the model generally found notillage reduced all three water quality constituents less efficiently than the other practices. We recommended creation of only three wetlands to farmers, due in part to the small number of farmers who would consider creating wetlands on their farms and in part to the limited number of locations for placement of wetlands; study watersheds yielded only 47 possible wetland locations but 631 corn and soybean HRUs where other conservation practices could be placed. A fourth wetland recommended to a farmer was found to already exist adjacent to the field it was targeted for, and the farmer remarked that the suggested wetland area was near to the size of that existing wetland, which serves as anecdotal confirmation of the wetland placement method.
When we asked farmers if they considered a particular practice to be optimal on that land, some were unsure how to answer the question. When they asked "optimal by what measure?" the interviewer responded by the measures used in this study: cost and water quality improvement. Some understood "optimal" to indicate practicality of use on their farm, and when they asked for clarification, the interviewer replied that "optimal" means a best practice for the land regardless of practicality to the farm, since practicality would be captured by the adoption question. Because of this difference of opinions on the meaning of optimal, these results indicate a measure of goodness of fit, but by a variety of measures. Nevertheless, rates of adoption intention and stated optimality clearly tracked with one another (Table 5) . Farmers considered certain conservation practices more optimal than others, and they generally expressed an intention to adopt them in proportion to their stated optimality (Table 5 ). A few farmers receiving recommendations of no-tillage and wetlands consistently considered these practices to be nonoptimal and did not intend to adopt them, yet they were recommended in so few cases that this result is not generalizable to the watershed.
Cover crops had the highest stated optimality rate (70%) and the highest adoption intention (57%), which was initially surprising, since no-tillage and grassed waterways had higher farmer preferences in initial interviews. However, in the year between initial interviews and follow-up interviews, the study area had seen growing interest in and adoption of cover crops. Indeed, one farmer who had previously given cover crops a "no" for future adoption preference (Table 2 ) stated multiple times during the follow-up interview that he had expected cover crop recommendations. His interest in cover crops was also surprising as he had no adoption intention for any of the targeted recommendations in that interview. Following the interview, we explained that cover crops had not been placed on his lands due to his view one year prior, and agreed to send him updated results including cover crops in the optimization for his lands. Such a shift in views on cover crops is likely due to greater adoption by neighbors (which this farmer mentioned), education about growing cover crops, and the severe drought in 2012.
Grassed waterways were the second most accepted practice, at 50% stated optimality and 38% adoption intention, including many existing grassed waterways that required reconstruction (these existing grassed waterways were not removed as "results already implemented" because farmers agreed they needed reconstruction). Filter strips and wildlife habitats were combined in the interviews because the first interviews showed that farmers were not comfortable with the suggestion of filter strips on lands lacking open waterways, and as they were simulated the same in SWAT, it made sense to combine them to provide greater flexibility to the farmer. Farmers considered only 30% of these filter strips to be optimal on targeted lands, and expressed an intention to adopt only 19%.
Some farmers received many more recommendations than others. The farmer who received the fewest recommendations was given just three results on three fields; the farmer who received the most was given 44. This discrepancy was due primarily to the constraint of future preference; those farmers who were unwilling to implement many practices had few options and their land was less likely to be targeted in this adaptive process. Another factor was variability in farm size. Some operations were as small as 30 ha in the study watersheds and others as large as 600 ha. Six farmers considered at least 50% of adjusted targeted recommendations to be optimal, while the two farmers who received the fewest recommendations thought none were optimal. At least one farmer who adopted few recommendations shared that he viewed the practices to be infeasible because as a manager of a research farm he was not always at liberty to make decisions on removing land from production, changing tillage practices, and cover cropping that would interfere with researchers' goals. Farmer-specific adoption intention rates varied from 0% adoption intention, with 100% in the "no" category, to 71% adoption intention (17 of 24 targeted practices). Seven farmers had greater than 10% adoption intention. Farmers were also given the option to suggest a conservation practice that was more optimal for a given farm field than the recommendation. Farmers suggested cover crops would be more optimal than the recommendation on nine fields, grassed waterways would be more optimal on three fields, and filter strips on one field. 
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While farmers agreed to adopt 35% of targeted recommendations (Table 5) , it is relevant to assess the cost and water quality impacts of these conservation practices, as shown in Figure 2 . Targeted recommendations for both study watersheds no longer lie on the optimal curve because the watershed modeling approach was modified after farmers were interviewed. At the time that targeted recommendations were determined, they did appear along the Future (maybe) optimal curve constrained to farmerpreferred practices. Given the previous modeling approach, those practices brought to farmers through follow-up interviews were also near-optimal, and farmer assessment of which practices were optimal resulted in a smaller yet more optimal set of practices. Farmers' adoption intention mirrored targeted results they believed were optimal. These adopted practices would be cost-effective as they lay on the optimal front.
We estimated that current conservation efforts improve water quality by an average of 8% in each watershed at an annual cost of $89,000 in Little Wea and $110,000 in Little Pine (Table 6 ). Water quality mitigation by existing practices is proportionately greater for sediment than phosphorus, and much greater than nitrogen. This finding could indicate that farmers placed greater value on soil erosion prevention than nutrient losses, which is further supported by the fact that targeted conservation is somewhat less disproportionate in water quality improvement of each constituent (Table 6 ). However, given this set of six practices, the model more readily reduces sediment than phosphorus, and phosphorus than nitrogen (Kalcic et al., 2015b) , in large part because tile drainage serve as conduits for dissolved nutrients to bypass conservation measures.
If farmers and landowners implemented targeted conservation practices throughout each watershed these efforts could be expected to cost an additional $390,000-$510,000/yr and deliver pollutant removal of approximately 33% over the baseline scenario. In all scenarios, sediment and phosphorus were reduced more readily than nitrogen, likely due to the high nitrate loading through subsurface tile drainage that is not treated by conservation practices intended to intercept overland flow (e.g., grassed waterways, filter strips, and habitats). Selecting targeted recommendations on only lands covered by interviews reduces the additional cost and water quality impact to $100,000-$150,000/yr and 8-17%, respectively, with greater improvement seen in the Little Pine than the Little Wea. Targeted recommendations farmers considered to be optimal in their lands further reduced the water quality improvement to only 5% over existing conservation efforts. Those practices which farmers agreed to adopt would achieve a 3-4% average reduction in pollutants in the watersheds at an annual cost of $33,000-$36,000.
While practices farmers agreed to adopt may be cost-effective, they would make a fairly small difference in water quality compared to the baseline of 0 (no conservation) and the existing practices. If they were implemented throughout the watershed it would be difficult to detect any change through monitoring at the watershed scale. Indeed, if farmers throughout the Midwest think similarly, the watershed-scale nitrogen and phosphorus reductions of 1-6% are not nearly sufficient to achieve the nearly 50% reductions required to achieve the goals for the Gulf of Mexico hypoxia (Scavia and Donnelly, 2007) . Plots in Figure 2 show that for little additional expense, much more improvement could be realized at the watershed scale. If practices farmers have already adopted, and are willing to adopt in the future, are not sufficient for the needs of society, a new policy model or increased regulation may be needed.
Farmer Adoption Reasoning
Adoption of conservation should depend on the type of conservation practice, as farmers will perceive practices as having different relative advantage on their farm (Pannell et al., 2006; Prokopy et al., 2008; Reimer et al., 2012b) . Overall, Greiner et al. (2009) found that major barriers to conservation practice adoption included insufficient time/staff, lack of incentives, loss of productivity, absence of recommended best practice standards, uncertainty about land tenure, impractical/complicated property management, and the belief that conservation practice is not necessary to improve the environment. Reimer et al. (2012b) used interviews and qualitative analysis to understand farmer motivations for adoption of particular conservation practices in two Indiana watersheds similar to the ones studied here. In their work, motivations for adoption and nonadoption of grassed waterways included soil conservation, perception of need, and land tenure. Filter strip adoption and nonadoption depended on loss of productive land and lack of land ownership. Conservation tillage was adopted for soil conservation and input savings (e.g., fertilizer, labor), while barriers included yield losses and no perceived need for the practice. Cover crops were adopted to improve soil fertility and crop yields, while cost, labor, and time increases were barriers to their use in the watersheds, as was a lack of knowledge; many farmers did not fully understand the benefits of cover crops.
In this work, farmer reasons for not adopting a practice were coded into the following categories based not on previous studies but wholly on farmers' statements made in the interviews (Table 7) : presence/absence of soil erosion or corresponding water control issues (includes slope and water control considerations); problems associated with convenience or compatibility of the practice with the farming operation (e.g., not wanting to break up large, square fields with conservation practices); barriers related to land that is rented (e.g., a landowner who is unwilling to use conservation practices though the renter is willing); uncertainty regarding how an untested practice would work in their lands (e.g., not knowing yet if cover crops will grow sufficiently given plant date and weather conditions); presence or absence of surface drainage (e.g., belief that filter strips are unsuitable unless an open waterway needs protecting); belief that current conservation efforts are sufficient on the field; and difficulties related to the cost of conservation. The dominant categories tracked well with certain conservation practices. A total of 56 (67% of) responses for adoption and nonadoption intention were categorized out of 83 total nonadoption responses, and no clear reasoning was provided for 
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the remaining responses. Categorized results are shown in Table 7 . Similar to Reimer et al. (2012b) , absence of soil erosion was the leading reason for not implementing conservation, especially with regards to grassed waterways and filter strips, while presence of erosion was a major driver for choosing to adopt these practices (Table 7) . Grassed waterways were primarily seen as remedies to soil erosion problems. Lack of convenience, issues related to farming rented lands, absence of open ditches, and a belief that current conservation was sufficient, were frequently given as reasons for not adopting conservation, especially filter strips. In particular, one farmer firmly believed that filter strips did not belong on a farm that lacked open ditches, even though wildlife habitats were combined with filter strips in most interviews. Filter strips and habitats were most often viewed as inconvenient, because they required breaking up fields or changing management practices. One farmer did not intend to adopt many filter strips because he knew his landlord would not permit it, and he preferred to use cover crops in this situation because they would not take land out of production. Relatively few reasons were given for adoption or nonadoption of no-tillage and nonadoption of cover crops, while two of the three recommended wetlands were not adopted due to lack of land ownership or belief that they are not needed.
Surprisingly, cost was given as a barrier to implementing targeted recommendations only once, despite being mentioned at many other times in the interviews (Table 7) . This aligns with other works finding that farmers may stress the economics of conservation more in early interviews than later ones, where they begin to articulate other reasoning (Ahnstrom et al., 2008) . Reasoning involving rental land, however, may indirectly imply financial issues. For instance, farmers may be less willing to invest in long-term conservation on rental land if their contract lacks a long-term commitment. Perhaps even more relevant in these interviews was the problem of reaching landowner agreement on implementing conservation that affects the farm's bottom line, especially through conversion of productive cropland to filter strips and grassed waterways.
Farmer Response to Adaptive Approach
Nine of the ten farmers in follow-up interviews agreed that conservation practices coming from model results were applicable to their lands. Emphasis was again placed on the reasons categorized in Table 7 , such as already planning to adopt a number of the targeted practices, identifying practices needing repair, and preventing topsoil erosion. The one farmer who did not find the targeted recommendations applicable to his lands was one of only two who did not intend to adopt any of the practices. He had conveyed a limited set of future interests in the first interview, and consequently only three targeted results had been brought to him in the follow-up interview.
When asked about their expectations for the project and how well those expectations had been met, farmers communicated that they had understood that their information would be applied to a modeling study, and most of them -including those who had no interest in adopting the recommendations -stated that the study had met or exceeded their expectations. Many suggested that the information provided to them was practical, useful, and would be helpful for them in making farm decisions. At least two farmers expressed surprise by the targeted recommendations, either the types of practices (e.g., expecting a recommendation of no-tillage) or their locations (e.g., expecting to see targeting practices along ditch banks rather than upland areas). When asked how targeted recommendations might impact their farm management decisions, eight farmers shared that the results would be influential, either because they aligned with -and provided justification for -their current plans, or because they provided the farmers with new information and ideas to think about.
Finally, when asked how it felt to be given recommendations about which conservation practices may be most optimal on their lands, many farmers emphasized their open-mindedness and willingness to receive recommendations, and two specifically appreciated having "another pair of eyes" to look into conservation on their lands. One contrasted the approach with regulations -he likes to be presented with "options, not requirements," and another said "I don't feel compelled to do it," but affirmed his interest in the study. Some spoke in detail of the specific targeted results, while others took a more global view:
It's a reminder to think about conservation. Conservation takes more management, and it's not easy to implement. It takes planning, dedication, and continual learning.
Farmer Recommendations for the Approach
We asked participants if there was anything else they would have liked to see in the follow-up interview, and what recommendations they would have if another adaptive targeting study was conducted. Recommendations for additional information in the follow-up interview, when offered, were quite specific and different for each interviewee: presenting filter strips and wildlife habitats separately in results; presenting cost and nutrient loads on a per acre basis for enhanced comprehension; providing more information on how costs were calculated; and providing estimates of wind erosion on soils. One expressed surprise that increased subsurface tile drainage was not recommended. At the conclusion of many interviews, the interviewer agreed to email the farmer some additional follow-up information, usually any updated results including additional current conservation practices.
Recommendations for the study and interview approach differed for each farmer as well, including: ensuring that the latest data are used; reinterviewing farmers immediately before running the final model optimization to be certain to include all of the latest conservation practices; including more conservation options such as bioreactors, drop boxes, and minimum tillage; and presenting farmers with more information on how they may save nitrogen by using cover crops. Five farmers had no recommendations for improving the approach, and one affirmed the approach was "clear, straightforward, easy to understand, and objective." Overall, the recommendations do not converge on one or two main themes, but refer to the plethora of decisions that were made in the modeling and displaying of targeted recommendations. If there were readily apparent issues in the approach, we hoped they would have been mentioned by at least two of the participants. If targeting had been performed in the absence of initial interviews, there would have clearly been poorly made decisions about model setup, current conservation practices, options for targeted conservation practices, and the display of results. Involving farmers in the early stages of the project and being willing to correspond with them even after follow-up interviews were crucial to providing farmers with usable information. Farmer satisfaction of the adaptive targeting approach clearly relates to the level of involvement and adaptation of the research to the participants' needs.
Limitations of the Approach
The tools we chose to use in this targeting experiment have several limitations. While the SWAT model has been used extensively to test conservation scenarios in agricultural lands, the representation of many conservation practices within the model requires assumptions as to the size and performance of practices. In addition, some conservation practices have not been modeled in SWAT previously, or could not be modeled without detailed information from farmers (e.g., nutrient management and waste utilization), and therefore were not considered in this study. The two watershed models had reasonable prediction of flow and water quality yet as with any model, simulated water quality improvements are somewhat uncertain. A limitation of the spatial optimization was the Water Quality Index used to assess performance of conservation scenarios. Within that index, all three pollutants were reduced to one objective function, so there are many ways to achieve each Water Quality Index value by trading off nitrogen, phosphorus, and sediment reductions. If water quality goals existed for each pollutant, or each pollutant was weighted differently, we could have used a different formulation of the Water Quality Index.
It is worth asking whether the value of this adaptive targeting approach justified the time spent engaging farmers and performing optimization. The entire process -from designing farmer interviews through conducting follow-up interviews -lasted approximately 15 months, and required one researcher's full attention through much of that period. However, much of that time was spent on activities that could be abbreviated or removed from the process in future projects, including: (1) developing an appropriate interview guide, (2) transcribing interviews verbatim, and (3) carefully studying interviews to evaluate the approach and pull out themes related to farmer perceptions of targeting. If the approach developed here was replicated in other watersheds, the most time-intensive activities are likely to be performing initial farmer interviews (~2 h per interview), setting up the SWAT model and spatial optimization (weeks), running the optimization, preferably through parallel computing (days to weeks of computer time), choosing a final set of targeted recommendations (days), and conducting follow-up interviews (~1 h per interview).
One of the greatest difficulties in the stakeholder engagement approach was identifying and attempting to contact all farmers in the study area. Targeting the most vulnerable lands requires reaching all or most farmers in the watershed, and this study missed many operators, especially those renting land in the watershed. We expect that our approach may have missed some younger farms and those with smaller operations. Ideally, teams leading future targeting efforts would have access to farmer contact information and trusted networks through which to establish communication with farmers, such as the Soil and Water Conservation Districts. Additionally, continued follow-up and adaptation of the approach could not be demonstrated in this single research project, while adaptive targeting efforts led by these trusted networks could continue the adaptive cycle, responding more meaningfully to farmer feedback.
While there is some evidence that farmers are receptive to the targeting approach based on eco-nomic and environmental efficiency (Arbuckle, 2013; Kalcic et al., 2014) , there may be times when such an approach will fail to produce the necessary social change to maintain conservation over time. Brown writes that there are "missing links in targeting that only citizen participation can supply" (2011, p. 252) and argues that a better approach consists of land managers prioritizing practices in their own operations through sufficient education and a changing social norm. In a truly adaptive approach, there may be times the concept of targeting is abandoned entirely. We think that in this adaptive targeting approach, building relationships and actively involving land managers in the targeting process provides some of that necessary education and encouragement.
SUMMARY AND CONCLUSIONS
Adaptive targeting through spatial optimization and farmer interviews can help scientists and agencies learn from farmers, display complex results in an appropriate and usable manner, and utilize computer models to target multiple conservation practices to farm fields. Detailed spatial understanding of existing conservation practices was gained through interviews with 14 farmers covering one-third of lands in two study watersheds. Farmers already used many conservation practices, though up to one-third of agricultural lands they operated in lacked any form of conservation considered in our study. Grassed waterways were the only practice present on all farms. Existing conservation efforts in lands covered by interviews were estimated to cost between $89,000 and $110,000 per year in each watershed, and model simulations estimated these practices improve average water quality by 8%, with particular effectiveness in reducing sediment and phosphorus loading to surface waters. Model simulations predicted fairly low nitrogen removal rates by conservation practices, partly due to how conservation practices are modeled in SWAT such that extensive subsurface tile drainage that permits export of high nitrate loads directly to surface waterways, short-circuiting entirely the filtering process of grassed waterways, filter strips, wildlife habitats, and upland wetlands. In reality, some of these practices (especially wetlands) should reduce nitrate loads (Kalcic et al., 2015b) .
We conducted watershed modeling and spatial optimization in such a way to promote incorporation of farmer data and to make the results more usable by farmers through defining HRUs according to farm field boundaries. The final set of targeted recommendations brought to interviews covered 125 farm fields with 202 practices, which we brought to 10 farmers in follow-up interviews and pared down to 176 adjusted targeted results on 103 farm fields. Farmers' view of the optimality of targeted practices was confirmed through follow-up interviews in a number of ways: (1) farmers generally stated that recommendations were optimal for their lands; (2) in choosing to adopt targeted recommendations, many farmers shared that they already planned to implement those practices in those locations; and (3) a number of targeted recommendations were found to already exist in the watershed, though this had not been communicated in the first interview.
Farmers intended to adopt 35% of targeted recommendations within the next five years. Cover crops, which had increased in popularity between the two sets of farmer interviews, had the highest level of adoption intention with 30 farm fields and a 57% adoption intention rate. If farmers adopt the practices they anticipate implementing, it would entail an estimated annual cost of nearly $68,000 over both watersheds ($6-7/ha of watershed area), and produce water quality improvements in the range of 1-2% total nitrogen, 4% total phosphorus, and 6% sediment loading. Practices farmers were willing to adopt under the current farm policies are not sufficient to reach water quality goals, such as the need to reduction nutrients by up to 50% to remediate hypoxia in the Gulf of Mexico (Scavia and Donnelly, 2007) , suggesting a different policy model or greater regulation may be needed.
Soil erosion played a crucial role in convincing farmers to adopt -or not to adopt -conservation practices; many farmers who chose to adopt targeted recommendations were motivated by the desire to prevent soil erosion, while some who chose not to adopt targeted conservation did so because they did not think the recommended practices would affect erosion. Grassed waterways were seen as particularly useful in addressing erosion issues. Farmers used a variety of reasons to justify nonadoption of conservation practices, particularly filter strips, including inconvenience, land tenure, the absence of open waterways on their land, and their perceptions that current conservation efforts were sufficient.
If this adaptive targeting approach were scaled up to larger watersheds there may be challenges in both the targeting method and the stakeholder engagement process. If watershed modeling were conducted to target practices as we have done, it would require time and resources to build a model, and available water quality data to calibrate it. In this project, we were able to define SWAT's HRUs by farm field boundaries, but in larger watersheds such high resolution methods may be computationally infeasible. Yet the method we lay out can be flexible in the tar-geting tools used as the stakeholder engagement approach did not depend on them.
Interviews were a critical part of this approach, and farmers were generally quite pleased with the interview process and presentation results, including those who chose not to implement any targeted conservation. Farmers were receptive to hearing about targeted conservation, and the interviews may have served to build trust as well as make targeting more practical prior to presenting results in the follow-up interviews. Yet in a larger watershed it may not be feasible to interview every farmer. In scaling up this approach, alternative methods for learning about existing conservation practice could be developed such as Grady et al. (2013) , and surveys could be used to obtain information on future conservation preferences, similar to what has been done by Kaplowitz and Lupi (2012) in determining landowner preferences for conservation practices. Interviews still may be required to build trust and encourage farmer consideration of targeted results, however. From this work it can be expected that some farmers will choose not to adopt any targeted practices, and may have little interest in future conservation. But these farmers may be willing to conduct interviews, and may view the interviews positively. It is possible that the interview process was beneficial in turning low-adopting farmers' thoughts toward conservation and preparing them to consider farm management changes.
Overall, our work in engaging 14 farmers demonstrates a promising approach for targeting conservation in agricultural lands. Though this work was limited to two watersheds, and farmers for two-thirds of the land could not be determined because they rented land in the watershed or contact information was not available, those who were reached by phone almost unanimously agreed to participate. Initial interviews provided extensive spatial information used to improve the watershed model, and farmer preferences used to adapt the model constraints in order to place on a given farmer's land only those practices acceptable to that farmer. Spatial optimization results showed that even when farmer preferences are considered, near-optimal targeted scenarios could be achieved in the watershed. Farmer response in followup interviews was positive, and farmers plan to adopt a considerable portion of targeted results.
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